Objectives-To establish the feasibility of training paramedics to diagnose acute myocardial infarction by ECG before hospital admission and whether direct paramedic coronary care admission, arranged by very high frequency (VHF) radio communication with the coronary care unit (CCU), would reduce delay of thrombolysis treatment. Design-Prospective controlled study. Setting-District general hospital CCU and a local district ambulance paramedic service. Patients-124 patients with ECG evidence of myocardial infarction or ischaemia admitted directly to the CCU by the paramedic service were compared with 123 patients admitted by the emergency department and subsequently transferred to the CCU.
The proven mortality benefit of thrombolysis for acute myocardial infarction was shown conclusively by the large multicentre GISSI 1 and ISIS II 2 studies, in which the maximum eVect was seen with early treatment. More recent meta-analysis of all large placebo controlled thrombolysis trials 3 has confirmed a linear reduction in benefit over a 12 hour period from symptom onset. The importance of reducing the time from symptom onset to thrombolysis treatment is well established. 4 Delays occur between symptom onset and the patient seeking help, between the patient contacting the emergency services (or general practitioner) and arriving in hospital ("call to arrival" time), and between their arrival in hospital and administration of thrombolytic treatment ("door to needle" time). The call to arrival delay for patients contacting the emergency services directly averaged 46 minutes for eight American cities 5 and 41 minutes for six British centres. 6 The door to needle time averaged 84 minutes in the American study and 80 minutes in the British study. Patients in the British study who called and were seen by their general practitioner had a call to arrival time of 90 minutes.
An audit at Derbyshire Royal Infirmary in 1989 showed very similar intervals, with a prehospital interval (onset of symptoms to arrival) of 182 minutes for emergency service admissions, a call to arrival interval of 291 minutes for patients admitted by their general practitioner, and a door to needle interval of 90 minutes. 7 Most patients were admitted by the emergency department, where a diagnosis of myocardial infarction was confirmed, and subsequently transferred to the coronary care unit (CCU) for thrombolytic treatment.
Various methods have been considered to reduce the interval between the initial hospital call and thrombolysis. Encouraging results were obtained in the Grampian region early anistreplase trial, 8 in which myocardial infarction was diagnosed and treated with anistreplase at home by general practitioners before transfer to hospital, but the larger multicentre European myocardial infarction project group 9 and myocardial infarction triage and intervention studies 10 had less positive results. Administration of thrombolytic treatment in the emergency department after ECG documentation of myocardial infarction may reduce the interval duration, 11 but has logistic implications. The development of a fast track within the emergency department 12 may allow faster diagnosis and treatment of myocardial infarction but in one study it was associated with a false positive diagnosis and inappropriate use of thrombolytic treatment in 24% of patients. 13 Alternatively, a paramedic team incorporating a physician can also be used to diagnose and treat myocardial infarction by thrombolysis before transfer to hospital 14 15 with less delay in treatment.
Although the concept of a mobile CCU was initiated in the UK by the Belfast group in 1967, 16 this was a physician led team attached to the cardiac unit. The use of highly trained ambulance attendants was first initiated in Brighton in 1973. 17 These personnel were trained to recognise and treat complications of myocardial infarction, including ventricular fibrillation, and acted independently with no immediate help from medical or nursing staV. The success of this unit 18 has been followed by the development of highly trained ambulance paramedic units in many centres over the past 10 years. In some centres 19 20 this involved the recording of a 12 lead ECG, which was transmitted by cellular telephone to a base physician who either gave instruction for thrombolysis before transportation, or arranged immediate treatment on arrival.
A logical development of precoronary care management of myocardial infarction would be the training of paramedics to record and interpret 12 lead ECGs for patients with suspected myocardial infarction, with transfer directly to a CCU for immediate thrombolytic treatment if there is evidence of myocardial infarction. This would bypass any delay in the emergency department as well as alert coronary care staV, before admission, of the imminent arrival of a patient who may require thrombolysis. This method was the basis for the present study that was designed to reduce the interval between the patient's call for help and initiation of thrombolytic treatment.
The primary objectives of this study were to establish the feasibility of training paramedics to diagnose myocardial infarction by ECG and the potential benefit of direct CCU admission arranged by the paramedics of patients with ECG evidence of infarction or ischaemia, as assessed by the time intervals between the initial call and coronary care arrival and between arrival and thrombolysis. During an initial training phase (phase I), baseline data were obtained on 120 coronary care patients who were admitted to the accident and emergency department and received standard management. The second phase (phase II) evaluated outcome in a further group of 120 patients with suspected acute myocardial infarction or acute myocardial ischaemia admitted directly to coronary care by the paramedics.
Admission of patients with evidence of myocardial infarction was arranged by very high frequency (VHF) radio communication directly with the CCU, thus reducing delay associated with the telephone system and the hospital admissions service. A prospective study was designed to establish whether such a scheme could achieve a significant reduction in interval duration.
Patients and methods
Following approval by the local ambulance paramedic steering committee and the southern Derbyshire ethics committee, selected qualified paramedics were invited to participate in a new programme involving the recording and interpretation of standard 12 lead ECGs in patients with suspected myocardial infarction before their transfer to hospital.
Candidates for standard paramedic training must be qualified accident and emergency technicians, with at least two years post-basic experience. They take an entrance examination and then undertake a three stage course of study to qualify. They are required to demonstrate their knowledge and proficiency by written examination and practical assessment.
All fully qualified paramedics from five ambulance stations in southern Derbyshire that normally admitted patients to the Derbyshire Royal Infirmary participated in the study. Stations that normally admitted to other hospitals were not included.
Training for the study was specific and structured. At an initial session the nature and aims of the project were explained and more detailed instruction given on clinical aspects of acute myocardial infarction. Practical training in 12 lead ECG recording was given, and this was followed by training in recognition of acute myocardial infarction, bundle branch block, chronic myocardial infarction, and other electrocardiographic changes. Participants then underwent a day of hospital based training in the cardiothoracic measurement department, followed by a one day attachment to the CCU.
Phase I started when the initial teaching had been completed. During phase I, the training phase of the study, paramedics were instructed to record and report on a 12 lead ECG using a standard paramedic clinical data form when called by the emergency service to a patient with suspected myocardial infarction. The patient was then taken to the Derbyshire Royal Infirmary accident and emergency department, in the usual way, for appropriate medical management, which would involve transfer to the CCU and thrombolytic treatment at the discretion of the medical staV. ECGs recorded by the paramedics in phase I were not presented to the admitting medical staV but were filed separately by the study coordinator who maintained a detailed audit of interval durations and copies of the paramedics' clinical data forms. The ECGs were subsequently examined by a cardiologist and graded for technical quality and accuracy of interpretation. Paramedics developed their ECG recording and interpretation skills during this phase, and baseline data were obtained for call to hospital and door to needle intervals. Regular reviews of ECG interpretation were held with the paramedics. The ECG machines used in the study were the DMS 730 (Simonsen and Weel, Sidcup, Kent, UK) and the Lifepak 10 (Physio Control, Basingstoke, UK). The Lifepak machines were available to the ambulance service for the duration of the study. The MAC PC (Marquette Electronics Ltd, Manchester, UK) was also available for a trial period of three months during the study.
Individual paramedics who had recorded at least 10 ECGs of acceptable quality and with an interpretation accuracy of 80% were allowed to proceed to the "active" phase II of the study. Before phase II, a VHF radio transmitter/receiver was installed in the CCU, the coronary care nursing staV received training in radio communication, and all admitting medical staV were informed of the study. During phase II, paramedics recorded and interpreted a 12 lead ECG at the site of the call and, if it showed evidence of myocardial infarction or ischaemia, were authorised to admit the patient directly to the CCU. Admission was arranged directly by VHF radio to the CCU, where the nurse in charge prepared a bed and contacted the admitting physician with details of the estimated arrival time. The physician was asked to attend the CCU before the arrival time. On arrival of the patient, if myocardial infarction was confirmed, thrombolytic treatment was started without delay, unless there were exclusion criteria. Patients with bundle branch block and clinical features of myocardial infarction were also given thrombolytics, and patients with ischaemic ST depression were treated with heparin, aspirin, and nitrate. If the paramedic found no evidence of myocardial infarction or ischaemia on the initial ECG then the patient was taken to the accident and emergency department for assessment by a casualty oYcer and appropriate management.
During the study only paramedics involved in phase II were permitted to admit patients directly to the CCU, which was dependent on ECG interpretation by the paramedic. On arrival, the ECG was examined by the admitting physician and, if warranted, a further recording was made. Traces that were clear and unequivocal were acted on immediately.
The CCU at Derbyshire Royal Infirmary is an eight bed unit and the standard policy is always to have a bed available for an immediate acute admission. Patients are normally transferred to a general medical ward after 24-48 hours, or when clinically stable. During the study, detailed information on all interval durations, patient outcome, and paramedic ECG interpretation accuracy were documented.
The major cost of the study was that of additional paramedic training, which was costed at £385 per paramedic. Other expenses included the provision and installation of a VHF radio in coronary care and the availability of electrocardiographic equipment suitable for standard 12 lead recording for each paramedic ambulance.
Phase I of the study started in June 1992 and phase II in September 1993. The study was concluded in April 1995.
Results
During phase I, ECGs were recorded and reported on by the paramedics at the site of the emergency service call of 386 patients (mean age 66.8 (range 44-87) years; 293 men, 93 women) who contacted the emergency services directly with symptoms suggestive of myocardial infarction. These patients were taken to the accident and emergency department at the Derbyshire Royal Infirmary for assessment and appropriate management. Of the 64 patients who had a confirmed diagnosis of myocardial infarction, 53% subsequently received thrombolytic treatment. Figure 1 shows the pathways followed by the patients in phase I.
During phase II ECGs of 162 patients with suspected myocardial infarction were recorded by the paramedics. A total of 124 patients (mean age 64.6 (range 37-87) years; 99 men, 25 women) were admitted directly to the CCU by the paramedic service. The thrombolysis rate for the 71 patients with confirmed myocardial infarction was 83%. Figure 2 shows the pathways followed by these patients. Unstable angina was diagnosed in 35 patients. The remaining 38 patients were taken to the accident and emergency department because the initial ECG did not show evidence of either myocardial infarction or ischaemia. Of these, one was subsequently shown to have sustained a myocardial infarction.
All ECGs in both phases were subsequently graded by a cardiologist for technical quality and accuracy of interpretation. The average interpretation accuracy rate was 87.5% (range 80-100% for individual paramedics) in phase I and 92% in phase II. Despite often diYcult circumstances and surroundings the technical quality of recorded ECGs was very satisfactory. A total of 323 ECGs (83.7%) recorded in phase I were graded as acceptable or good and (fig 3) .
The call to needle interval for all patients receiving thrombolytic treatment was reduced from 154 to 93 minutes (p < 0.001) and the hospital door to needle interval was reduced from 97 to 37 minutes (p < 0.001). The call to site of episode, on site, and site to hospital intervals were all similar. Figure 4 shows the call to CCU interval for all 123 phase I and 124 phase II patients who were admitted to the CCU, either through the emergency department (phase I) or directly by the paramedic service (phase II). Figure 5 shows the door to needle interval of the 34 patients in phase I and 65 patients in phase II who received thrombolytic treatment.
All distributions of interval durations for patients in phase II are skewed, and in the case of the distribution of door to needle intervals is attributed to "clinical" delay in the treatment of some patients. On each occasion, the patient with suspected myocardial infarction was seen immediately on arrival in the CCU by the admitting physician, and myocardial infarction was confirmed by ECG without attendant contraindications to thrombolysis in 41 patients. In this group the average door to needle interval was 19 (range 3-29) minutes. Thrombolysis was delayed in the remaining 24 patients by the admitting physician on clinical grounds. In 15 patients the ECG was not regarded as diagnostic, five were thought to have a significant bleeding risk, and two were hypertensive. One patient had had streptokinase for a previous episode, and delay ensued in establishing this fact and obtaining t-PA for the treatment of myocardial infarction. On one occasion the admitting physician was called to a cardiac arrest as the patient arrived and this resulted in a delay. Thrombolytic treatment was subsequently administered after an average of 58 (range 30-135) minutes in patients for whom there was a clinical reason for delay.
Thrombolysis was withheld in 11 patients with confirmed myocardial infarction in phase II by the admitting physician. Seven patients were thought to have non-diagnostic ECG changes, two had active peptic ulceration, one had severe hypertension, and one sustained a cardiac arrest as he arrived in the CCU (resuscitation was unsuccessful). Of the seven whose ECGs were considered to be non-diagnostic by the admitting physician, two had been admitted by the paramedics with an interpretation of probable myocardial infarction.
Four patients with symptoms suggestive of myocardial infarction whose ECGs showed bundle branch block were admitted in phase II. All four were thrombolysed and myocardial infarction was confirmed in three.
Myocardial infarction was excluded by serial ECGs and cardiac enzymes in 53 patients admitted directly to the CCU by paramedics in phase II. Forty four had ischaemic changes on the initial ECG and were treated on admission with heparin, nitrates, and blockers. Four patients were initially thought by the admitting physician to have diagnostic anteroseptal ST segment elevation, and received thrombolytic treatment. The remaining four were considered to have non-diagnostic ECG changes.
During phase II 38 patients were taken to the accident and emergency department because there were no diagnostic features on their ECGs. A diagnosis of non-cardiac chest pain was made in 35, two were admitted to medical wards with a diagnosis of angina, and one was subsequently shown to have sustained an acute inferior myocardial infarction. In that patient, diagnostic changes were present on an ECG repeated in the emergency department one hour after the initial, non-diagnostic recording made by the paramedics. He was subsequently transferred to the CCU, thrombolysed and made an uncomplicated recovery.
While this study did not aim to assess the eVect of the scheme on mortality, and numbers were not suYciently great to aVord statistical significance, the death rates seem to show a trend that is consistent with current expectations. In phase I there were 128 patients with confirmed myocardial infarctions, of whom 20 (15.6%) died within 42 days. Of these, 14 died in transit to hospital, in the emergency department, and on medical or geriatric wards. The remaining six deaths were in patients transferred to the CCU. None of the deaths in phase I occurred in patients who received thrombolytic treatment. In phase II there were 71 patients with confirmed myocardial infarctions, of whom six (8.4%) died within 42 days. One of these patients did not receive thrombolysis as his death occurred immediately on arrival in coronary care. The remaining five patients received thrombolytic treatment.
Discussion
This study has shown that the interval duration between a patient calling the emergency services and subsequently receiving thrombolytic treatment after ECG confirmation of myocardial infarction may be reduced by the provision of a specially trained paramedic service. Interval duration was reduced by early ECG diagnosis at the site of call with direct admission to coronary care, which bypassed the potential delay in the emergency department. Interval duration was also reduced by the paramedic team contacting the CCU directly by VHF radio and giving an estimated time of arrival, thereby avoiding delays caused by the ambulance controller relaying a message by telephone by the hospital switchboard. This allowed the CCU nursing staV to prepare a bed and to arrange for the admitting physician to be present before the patient's arrival. Arrival of the patient could then be followed quickly by clinical assessment of the patient by the admitting physician, ECG confirmation of myocardial infarction, and immediate administration of thrombolytic treatment prepared by the nursing staV on the unit. The mode of hospital admission has not been associated with administrative problems, but a coronary care bed policy has been instituted to ensure that a bed is always available for direct admission. We have not encountered any diYculties in training paramedics to record and interpret 12 lead ECGs, but we would emphasise that only experienced, fully qualified paramedics were invited to undergo advanced electrocardiographic training, and that they were assessed in detail individually before being allowed to enter phase II when diagnostic decisions were made. All patients with a normal or nondiagnostic ECG were transferred to the emergency department and paramedics were not authorised to make a decision that involved leaving the patient at the site of the call.
Although thrombolytic treatment has proven benefit in patients with myocardial infarction, all studies have shown a major complication rate of approximately 0.5% and it is generally agreed that such treatment should not be administered unless there is ECG confirmation of acute myocardial infarction. 21 It is well accepted that diagnosis of myocardial infarction in the early stages is often diYcult and that clinical diagnosis, without ECG, is often unreliable. 22 Pre-hospital administration of thrombolytic treatment by general practitioners has major logistical implications regarding the availability of an ECG, appropriate resuscitation facilities, and drug storage, and it is unlikely that this will receive widespread acceptance, particularly as the number of acute myocardial infarctions seen annually by individual general practitioners is small. Potential bleeding complications of thrombolysis are such that administration by a paramedic team, acting independently, would have potential ethical and legal implications. This is particularly likely to occur in patients with acute aortic dissection, which sometimes mimics myocardial infarction. If thrombolytic treatment is to be administered in hospital rather than before admission, the use of a "fast track" to avoid delay and the possibility of administration in the emergency department before transfer to coronary care are of potential benefit. This may be appropriate in individual hospitals where the necessary resources are available and where the workload in the emergency department would allow such a system to operate. We believe, however, that it may be preferable for myocardial infarction to be confirmed before hospital arrival and the patient admitted directly to a coronary unit, thereby bypassing the emergency department completely.
Although paramedic ambulance services have been in existence for over 20 years, training has been directed largely towards resuscitation and emergency treatment, rather than potentially important ECG diagnosis after myocardial infarction despite the fact that this possibility has been suggested. 23 Traditionally, patients have been instructed to contact their general practitioner after developing chest pain, and await a home visit with subsequent hospital admission. This is associated with considerable delay 24 25 compared with self admission by the emergency service. This has led to local recommendations for patients and general practitioners to contact the emergency service directly if symptoms suggest myocardial infarction, rather than arrange a home visit. We are not aware of any similar programme involving a district paramedical service recording and interpreting ECGs, although a service using a hospital based nurse/paramedic team has been used in conjunction with a rural community hospital. 26 The objective of this study was to reduce the delay before thrombolytic treatment was administered, but the decision to use thrombolysis was made by the admitting medical staV in the CCU, not by the paramedic. The proportion of patients with a diagnosis of definite myocardial infarction who received thrombolysis in phase I was similar to that of all patients passing through the CCU during that time. This is supported by data held in audit files for patients admitted to the CCU, which have been kept at the Derbyshire Royal Infirmary since 1991. Although a parallel study could have been performed, comparing direct admission by ECG trained paramedics with direct accident and emergency transfer by the "standard" paramedic service, this was not feasible given the paramedic resources available, and the prospective study described was used. This had the advantage of using the earlier phase I data for the control group. However, neither the paramedics nor the coordinator of the study were aware of the time intervals or clinical outcome until the study was completed.
It is recognised that further investigation is desirable to confirm these findings. It is hoped that collaboration with other hospitals in the area will be possible to undertake a larger study. In conclusion, this study has shown that specialised training of paramedics to accurately record and interpret ECGs of patients with suspected myocardial infarction is feasible, and that it can lead to a reduction in the interval duration to thrombolytic treatment of almost one hour. Previous work has suggested that initiating thrombolysis 60 minutes earlier would save about 23 extra lives for every 1000 treated patients. 27 Although lower mortality was not an end point of this study, there was encouraging evidence that reduced death rates could be achieved by a trained paramedic service, with early ECG recording and interpretation, direct coronary care admission, and a reduction in treatment delay, with little additional cost and at no risk to the patient, which may have important implications for the early management of myocardial infarction.
